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- DISPERSION STRENGTEENED SYSTIEMS
‘This report covers the sisx.month pericd from Ju in, 1844 - g
15, 1963, for work undertaken on the following topics:

k]

~3
o

Beryllium Oxid

Mechanism of D

e8]

A paper. entitled, "Alumina Dispersion Sirengthened Coppsi-X

e

A >3

Alloys™, based on the researxch conducted by Michio Yamazali, is currently

being zreproduced in preprint form. It is hope

availablie for mailing within two weeks.

Two other papers are being prepared for prepriniing,

e submitted as soon as they are available,

John Benjamin
Gary Bwel
Allan Bufferd
Diane Margel
. Francis llunkeler
e Resesarch Assistants
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ONTDATION OF COPPER-NICKEL-ALUMINUM ALLOYS

© was the aim of this phase of our program to study internal

sl
it

owzdation, not of a pure metal base, but of a solid sclution strengthened

metrix., in the past, work had been done on the internal oxidation of
and nickel, each containing small guantities of an oxidizabl

eliement, such as aluminum2 beryilium, silicon, titanium, and chromium.

3

In an effort to tryv to increase the low temperature strength properiies,

or improving the high temperature properiies of the pure

preial base, a series of copper-nickel-aluminum alloys were prepared

¢
i
b

d internallv oxidized, followed by extrusion inito bay

allovs were based on copper, and contained as a solid
16, 20, and 30 weight percent nickel, each alloy
to 0,85 aluminum as the element to e converted
unt of aluminum yvields about 3.5 veolume percant
experimental program included powder size anc

¥ milling and preparxaticn, method of internal

; ion ratio.

The strengih values at room temperature were significantly beltex

c
copper-aluminum oxide alloys; recrystallizaiion

vwas delayed to temperatures well over 1000°C, and up to 1050°C; and

PR

-rupture properties at 650°C were as good or betier than those

~zluminum oxide alloys containing

?‘!

in mechanically mixed coppe
Y

but were not as geood as thie resulis

wide content,

5 y .
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iz being submitizd for publication, Preprint. of




2, NICKEL.THORIA AND NY
ALLOYS PRODUCED BY S

CKE
B

This work, toC, was covers

six~month summaryv report

resulits of the work were

i

v

in London, Ccisbex, 1964, As scon as reprints ara

b2 submitted. Freprints bave alveady been deliverad to NABL,

3., STRUCIURE QT”BE
MOLYBDENUM.-THORTA
MIXED OMIDES

ES OF NICHEL-THG

ITY AND P?G?ERTE
A CED BY SELECTIVE

ZLLOYS PRODU

Because it is possible to obtain cheaply
is an easy and inexpensive
<

>
such oxides to rticie size as fine as 0.2 m

)
K]
&

an unusuelly attractive process for producinc h

dispersion strengthened systems which may be base
metal, such as nickel, or on an alloved matrix,
nickel-tungsten, eic.

In the program recounted under item (2}, above, and in succsading
work which measured the high temperature stability of
was evident that significantly higher room temperature
were achieved than had been expected, and lowex higher

stability was indicated than had been expected. A det
indicated that somewhere in the powder and compacti proces
water vapor h

W

.d either been retained, or had been picked up
thoria particles which are hydroscopic, leading to oxidat
nickel and nickel-molybdenum alloy matrices., The pzesen
nickel oxide or moclybdenum oxide would contribute to the
properties but would sharply decrease the high temperatur

A decision was made to extend this work, taking increased

avoid watex pick~up from the atmcsphere or any form of oxidati?
very fine high reactive nickel and molvbdenum powders in

form. It was expected that the room temperaiure properties woull dzovesss:

the 1800°F creep rupture properties would increase beyond the aliresd:

ﬂ\
-
X

attractive levels; and siagnificant gains would be made in structy
stability above 2000°F,




For this purpose, two new alloys have Deen

of these is a nickel- 2.5 volume percent thozia allc
FE

is a nickel-12 pezceﬁt mo lybdenum-2 volume perceni thoria aLloy.

0]
Lt
) 5
bde
0
=

MNickei~2.5 wvolume pe;ceﬁt Lﬂor1a CoOmMpRa

.

3.2 micron avera ok LR te - two Douns Anoan
ethyl alcohol -

nitrate to produce 2. olume percent of

position temperature in the vacuum phase

b

650 to 750 -800%C to avoid retention of

of the thorium nitrate. Subseguent oxide
900°C compzred to 80C°C in previous txi

reduction of the nickel oxide
A modified ewirusion can was designed which permitted the 20071

hvdrogen reducticn treatment to be carried out with the loosely lom-
pactied alloy powdeg in the can. Without xemoval from the can, a2
ends were sealed off, thus assuving complete proteciiocn against

tion of the super-fine thoria.

n order 1o allow for subsequent cold working treatments, This
vroduct was exiruded at a relatively low reduction ratio, nameal

This was just adeguate to densify the alloy and io preserve the oxide
distribution so that subseqguent cold work and cold work plus anues.ling
treatments could be carried sut.

The properiies of this nickel - 2.5 volume pexcent tloria alloy
are now under study. Because of the sensitivity of ths room ienperaliure

nardness measuremenis after various high temperature

a
as an indication of recovery, recrystallization, and g

stability, these studies were carried out first on thi

Figure 1 shows the change fn Vickers hardness numberxr aflter an-
nealing times of 1 and 5 hours at temperature for this allcy and scveral
of the alloys produced earlier in the program. These older alloys
include N-1, nickel-3.5 volume percent thovia, N-3, nickei.? voluma

percent thoria, and NM.-3, nickel-12 percent molybdenum-9 volume po

thoria.
The results for the new nickel-2.5 volume percent ithoria slloy
show a low as-extruded hardness value, as would be expecied from Tie

low exirusion ratio utilized in the comsolidation process. Mors

however, is the fact that this alloy shows nc bhavdness dzop until aftsy
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s 10°C has peen reacaed, ai whicn pod

ame as it had a zoom lempera ature.

he alloy exhibits only a very small 4
+s yoom temperaiure valiue Comp
wident that this naw ailny shows

- . o - o ~ - G
mur tests at tempenarures beyond 1GOC .

N

This ailoy will now receive increasing amounts

Adate amealing steps, to =88 how

ductility values <can be ralse

-

4o pe conductzd a

Woray diffractlion studies to establiszh the na
evidence of I

}
narticle size; the p@wdezs
in an ethyl alcohol - thorium nitrate sciuiion.

was eliminateé during the selective reduction step to avoid introdusing

water vapor by this means.
This alloy is now ready for trusion, after

alloy stability and properties will be undextaken.

4. OXIDE DISPERSION STRENGTHENED NIOBIUM ALLOYS

The systems niobium- alumina and niobium-thoria wer

an effort to see if reactive nmetals can be oxide dispers
and if so, to which maximum temperatures the structures would ramain

stable. In the one case aluminum oxide was selected as

St

since it is readily agvailable as the product Alon C, th

form, in a particle size between 0.01 and 0.03 micron.
stilized. In the casa of he

of the niobium and alumina powders was

niobium-thoria alloy, the thoria was derived from decompozition 0 A

¢thorium nitrate salt in an alcohol solution.




) in boih cases, the niobiua uwas availablie as

was received as 7 microns pa;" pariicles

mechanical mixinqi

3]

and exirusion as

vl e P - ela ~ .." oty T e -
produced in the exirusicn step, howevers

Room temperatiure tension tests

specimens, vielding ultina

ductility of 2.5 percent elongation. 3By compariscn, ihs

of pure nicbium is reported to be beiween 60 and 85,000 s

obseyved dif

strengthened niobium is obvicusly dus toc ths

extrusion.

Stress rupiure tests were 2lso run, in an argon atmosphere. 2%

4 - S, S . % . - A ANy
3 of & WNicbhium-Alumina Alloyw =zt 1EOCC
G

A compar
indicates +that

pure niobium i

at the lower stresses. The fractured specimens i

formation of voids
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Hardness tests wexe also measured at room temperature as o

i

establish the source of these voids.
s
i

of a one-houxr annealing ireatment at temperatures up to 3832°F (z0CG°CY,
uce I

the tests being conducted in vacuum., The results axre shown in Table

The increase in har

éness to 3272°F {18006°C)
in pure niobium and is probabl
was observed ¢
formed winich

oxide was identified azs beis

1
i
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!
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Tabie ¥¥

Room Temperatuve I

ISP ——"

B D PP A S S T

Temnperature
°F °c VHN
392.1832 200-1000 366
2192 1200 389
2532 14G0 282
2912 1500 389
3272 1800 42¢
3632 2000 i38

Tests are planned to establish whether the nichium

the aluminum oxide, possibly reducing it, in part, at the highe

nealing temperatures. The specific technigue o be wtilized
yet been established,

Photomicrographs of the alloy after bhigh temperature esuposure show

a vexy coarse structure, but light microscopy is not adequate o esitablish

a1

the nature of this structure,

-
Niobium - thoria alloy = The dispersion strengtihe

was prepared in two diiferent ways because of

a
during the decomposition of thorium nitrate salis, whick

to lead to owidaiion of the decomposed niobium hydride
Accordingly, the two procedures used were the following:
1) Prior decomposition of thorium nitrate to produce theria, znd

subsequent mechanical mixing of the thoria produce

ol
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nicbiuvm hydride.

2} Ball milling of nicbium hydride with thorivm nitrate in an
ethyl alcohecl sclution, followed by evaporation of the alcchol and
vacuum removal of the nitrous oxide and water vapor resuliting from the

thorium nitrate decomposition.

Both of these methods were discussed in the previocus
repoxrt,
The dry-mixed niobium-thoria alloy was evaluated by mezns of

Vicker ‘s hardness measurements at room temperaiure following

treatments of 1 - 5 hours at temperature intervals from 1300
{816 .- 1204°C). Table IIIshows the resulis.




Table IIX

Change in Hardness as a Function of Apnealing Time and Temperature For
Mechanically Mixed Niobium-Thoria Allows

Tenperature
Specimen o °c _VHN
as-exirudsd 113
I hr. 1500 816 385
1800 9832 377
2000 1693 322
2200 1204 439
3 hrs. 500 816 297
1800 932 360
2000 1003 334
2200 1204 398
S hrs. 1500 816 343
1800 e82 242
2000 1083 391
2200 1204 418
Lave back-reflection X-ray phoiograms indicate that ihe observed
decrease in hardness is due to recovery and partial E

the stxucture, The subsequent increase in hardne
contamination, but whether this oxygen comes from the atmosphers oy from
reduction of the aluminum oxide by nichium is as vei undeterminad.

Test specimens are being prepared of this allcocy and will

Poth in room temperature tension and high temperature creep rupt

The alloy prepared by milling of the components in alaoohol
for compaction; after which it will be exiruded and als
similar techniques to those discussed above.

In the coming months, it is planned to iry to z2nswer the o
guestions:

1) How stable are the alumina and thoria dispersions in nicbhium
as a function of increasing temperature and time? '

2) Are oxygen and nitrogen being picked uvp by the niobium; i¥ they

are, are these elements coming from the atmoshpere, or from Jdsoo

of the refractory oxide?
3) Whatare the maximum iemperature and time at temperatuze Fox
stability of these itwo oxides in niobium?

RS S A an t3m AT s T BN e S et -t



3, THE ROLE OF RECRYSTALLIZATION AND STORED EBENERGY OGN THE
AND DUCTILITY OF OXIDE DISPERSION STRENGTHEMNED IRON

One of the biggest riddles, sudject ic a aurmbsy

iplanaticns, is the guestion of how important is the stoxed

cold work on the sirength of oxide dispers
on ductility. Of equal interest and comp]

appens if one recrystallizes an oxide di

me destroying the

e

without at the same t

[&7]

the structure.

To try to answer ithese guesiicns, iron was selecied a3 Tha

material for the following important reasons:

1) Iren has a transformation temperature at abowt $1C7C.
transformation iemperature permits one to exitrude ﬁlﬁh‘fQifﬁﬂtOxy BEbeneR ¢ b
mivtures either in the fexritic state ox in the ausienit . state; in
<he former instance. the exiruded product shouvld end up in the cold
worked or strained condition; in the latier instance, the struciure
should end up completely recrystallized because the oxide dJdispersion
cannot suppress the transformation from gamma to alph

2) 1t should be possible to take the cold wor
structures and treat them in such a way that the x
is subsequently cold worked (in the alpha state], and

O

structure can be recrvstallized by heating into the

This has been dene in a series of four irom allo
nd gamma aluminum oxides, and thoria. The oxide content

levels: 2.5 volume percent content {alpha alumina and thorxiaj},

i0 volume percent {alpha and gamma aluminaj.

Most of the room temperature tension tests, the 1000, 1204,

1400°F stress rupture tests, and hardness versus annealing temperature

0

tests have been completed. These data are bein
th

a
and will be presented formally aS/&DCtGLale 2sis.,
i

Within several moaths, it is anticipated that the data will bae

reviewed, and condensed in the form of a technical report which wilil be

submitted to NASA as part of our progran.

- ¥

Preliminary results appear to indicate that recyysiall

L e T T s
oS N S R S S B 1

the absence of structural changes {change in oxlde intexpaxticle

spacing) do not harm the high temperature creep rupiure propay



D]

.

iron,this effect bein

0

The low oxide g¢ont
cold work, such cold wor
properties. 1If, inste
zeld works in small
annealing treatnmenis wh
further increases are
properties, with attenda

tend to confirm work reported in

raterials, notably nickel-thoria

amazingiy high in spite of relatively low tensicn ductiliity

in the nicher oxide conient maiexrialis, whexe

spacing is considerably finer, the Denefits of sul

4

and annealing irveatments are minimized, because

iization take place verv much more siowly in such
the additional amount of cold work which can be introduced is zZslatively
small compared to that for the low oxide conitent materials,

Preliminary examination of the data indicates that

o
9]
g1
it
[
iy
jc]
o}
g
¥
o
W
o

2lloys does act follow a fourth power relationship versus sirvess as
nas indicated in earlier work by Weertman, and Lenel and Ansell;
instead, it appears that an exponential law is foll

It is anticipated that a model can bz propose

o}
(a8
D
0
(o7
3
fade
)
Sodo
1
ot
)

2f stored enexgy, not in terms of total enexgy content, but

of distribution and intensity of cold work in relationship io the
s>kide particle distribution.

» HIGH VOLUME INTERMETALLIC MMPCUND . DUCTILE PHASE COMPOSITE
STRUCTURES

o)
1%

v

Work is continuing on the evaluation of high volume content iuoter-
netallic compocund - ductile binder composite materials produced by

-

sowder metallurcical methods. In earlier work four single phase alloys

4]

with compositions lying in the NiAl phase field were prcduced and ftasted,
as were alleys made from miwtures of NiAl (74 weight percent nickel]

and various ductile metal and alloy binder powders,

An additional series of alloys based on NijAl, and one basad

CoAl were also produced. Nickel-7.1 weight percent aluminum soiid

solution bindey was used for the Nij;Al alloys, and both nuxre cobali ox



a cabalt-5.2 weight vercent alwuwdnum scisd selution blndar
foxr the CoAl alloys. The compositions of these alloys are

Table IV, The purnose in using solid
aluminum was to amindmize interaction

phase. In the cystem Ni-Al, Ni A is
solid solution: in the system Cu-A1
Co{Al) solid soluiion,

Table IV

=

1481 and Cofil Base Alloy Compositions

_ Couwmosition [ by
Alloy % NigAl % Ni sol.sol. % CchAl o Co

NigAl 100
Ni3A1NNiSS%M15* 85
NizA1-NiS8-30 76
CoAlaCo-30 0
CoA1-Co-d0 s

SV
[an R U1

%
O

i
o

CoA1-CoSS-20 | 30 X0

CoA1-LoSS5-30 70

nds for 'splid solutioa®

* SS st
+ e

fadd

a
dicates welilght percent of binder phassa

Results -~ EBlectron photomicrographs of as-ewiruded Ni AL
CoAl base alloys were made using a two~siep repilication wschnicg
structures of the Ni Al alloys with 15 and 30 volume pevcent
consisted of a dispersion of fine {~0.1 micron) pazticles
surrovnded by the bindex. A few larger particles of NijAl wezre

present,

The CoAl alloys consisted of Co&l particlies xangi
size from 0.1 to 10 wicrons dispexsed in and separated by & thi:
P

of binder. There was considerable elongation of the intermstalli

particles in the extrusion direction.
Stress rupture tasts were performed on the NijAl
in air at 982°C {1800°}. The results of these tests are

Tables V and VI and ploited in Figures 2 and 3.

Y




Ni,AL 382 7,000 . Z i
5,000 Q.225 G =5
3,200 4. 18 1.0 o
2,000 Si.7 7.2 7
NizAl-NiSS~15 9282 15,660 0.086 1%z IO
10,000 1,61 LG, D E.7
7,300 31.8 €. 7 4k
5,500 229.5 4.8 20
NiqAl-NiSS8-30 282 15,0060 0,228 i.5 4. 1
10,000 1,6 o7 3.5
6,500 3z2.2 4,7 2.3
5,000 175.3 = Q.1
Table VI
Resuits of Siress Rupture Tests con CoAl-Base Alloys
Alioy Test Temp. Stress, psi Rupture life Rad. A, EHilong
‘ hrs, % 2
Co12C5588 20 98z 14,000 2,98 5.5 2.3
10,000 3.06 7.0 5.2
4,500 307.0 23.0 L3
CoAl~-C0SS=30 282 20,000 0.124 7.0 3.9
12,000 2.035 . 3.6
CoAl-Co-30 282 13,000 c.022 - 5.6
11,000 G.09 5.7 3.7
10,000 0. L o 5.5
8,000 0.63 3.0 L
6,000 1.53 4.0 5.2
4,000 6.10 2.3 6.2
2,500 27.3 ©.8 9.0
CoAl-Co-40 28z 15,000 0,006 7.0 8.6
13,000 0,032 4.2 7.5
10,000 2.59 9.4 3.2
7,000 l1.48 5.6 5.6
6,000 1.56 5.6 3.7
5,000 3.9 4.2 5.0
3,600 3G6.5 zZ.9 4.9
2,500 500.0% 1.4 Q.8

#Test discontinued

I3
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The rupture curves for NiuzAl with binder lie considerably above
those for pure Nij;Al, The reasons foxr this are not koown butl may
be due to differences in fraciure mechanism in the presence of a
binder. The value oi 0000 psi for a 100-hour xupture life for tihe
NiyzAl-20 percent Ni sclid saluticn,-at 1800°F,is very good,

"The stress rupture results for Cohl base alioys show that a
cobait-aluminum sclid solution binder gives better properties than
the pure cobalt binder. Two reasons for this can be advanced. First,
the cobalt-aluminum solid sclution is more nearly in equilibriﬁm,with
CoAl; secondly, diffusion processes associated with high temperature
creep and fracture, such as microcrack and void growth and disliccation
climb, are slowed considerably in the solid solution binder phase.

The best of the Co-Al base alloys has about the same stirength as the
best NizAl base alloy. '

It should be noted that for the CcAl-Co-30 alloy there are twc
tests that lasted far longer than the extrapalation of shorier time
data indicates they should have. One explanation for this is that
these specimens were free of flaws or weak areas. Alternatively,
alloying of a beneficial nature may be occurring in the binder phase
in the long time tests. Metallographic examination of the fractured
stress rupture specimens revealed a tendency toward fine microcracking
in very short-time tests, and void formation and growth in the longer
time tests. These microcracks are probably present either as very
small flaws in the as-extruded material or represent fractures of
weak areas very early’in the creep test. At longer times these cracks
round out and grow by diffusion, minimizing stress concentiration
effects. , ‘

Two types of hardness annealing tests were run om representative
alloys. In one type, specimens were heated for ome hour in vacuum at
increasing temperatures. - iIn the other, specimens were held for in-
creasing times at 982°C {1800°F) in vacuum. The results of these
tests on CoAl.C6-30 and NiyAl-NiSS-15 are given in Tables VII, VIII,
IX, and X, and are plotted in Figures 4, 5, 6, and 7.

For alloy CoAl-Cc-30, increasing the temperature for a constant
annealing timé does not have the same effect as increastng the time at
constant temperature (see Figures 4 and 6). This is due to the fact
that this allay passes into the CoAl single phase region from the two-
phase region at about 2000 or 2100°F., This is the point where an



One-Hour Room Temnn

Table VIIX

One-tlour Room Temperature Hardness Annealing Data Fox NizAL-N

Temperature, °C Vicker's Hardngss, ho/up?
as-extruded 762

1600 753
1260 755
1400 758
1600 747
1800 719
2000 673
2200 629
2400 587



Table IX
Data foi

Hardneszss - Tine Annealin

e

O
.25 504
-628 560
1.00 669
2.50 634
i5.8 616
75,1 514
150.1 561

Table X

Hardness - Time Annealing Data for Ni,Al-Ni3S.15 at 180GCF

Time (hours) Vickex's Haxdness. hg/mn?
C 731
1.0 719
1.61 693
31.8 685

229,7 636



upward inflecticn
above 2300°F is as

phase alioy.

Lt s
o
The gradua

Derature, asgide

is probably due

are only 535 and 633 kg/mm?, Speat ¢ not likely thst a

sinple mixture of eithe

matrix could vield a
compounds .

Thrxee peint transverse

room temperature on three allovs.

listed in Table XI.

Table IX

Txansverse Rupture Bend Test Hesults

Alloy Rupturg Mo@ulus Young?'s gedugas
10" psi A 109 psi
CoAl-Co .30 248,5 26.6
CoA1~Co--30 239.0 26.0
C0A1-Co--30 268.0 26.0
CoAl1-Co-.40 264.0 27,2
CoAl-Co-40 308.0 24,5
NigjA1-NiSS5-15 363.0 30.3

In 311 cases no plastic deformation was measured; dus o the
nature of the tests, however, several percent of plastic
have occurred in the most highly siressed areas and gone undetsated.

It should be noted that the rupture strength values measured

tests are close to the yield sirengths predicited from ithe haxd

readings by plasticity theorv:

P 7 . g
.-7\...; =3 ¥
ey

hardness load

wheze: P
A = area of hardness impression

¥ = yield stress.

These walues are compared with the averages of

verse rupture values in Table XII,



faple ®IX

Calculated and Measvred Bupture

Alloy Caleulated Yiel

e

Stress (107 psi
.6

N

Coh1-Co-30

I
L0 .U

L)

Coh1-Co-4a 354,0
NiyAl-NiSS- 15 361.0

(n
bae
\3
kl

The hardnecss test is essentially a compress
verse rupture test is a bend test in which one side

is subjected to tension and the other tc compresszicn

vield siress calculated from a hardness reading is &
value., The strength that is mezsured in a transverse bend itest is =
c

ture initiates at the

ra
specimen., In a brittle material the temnsile str

the compression strength, sometimes by as much

In the case of the two CoAl-base alloys
moduli are less than the calculated vield stz
of the binder is shown by the fact that while the cal

-

stress of the high binder alloy is only slightly bhighex

the low binder alloy, the measuvred rupture wodulus is significontly
higher.

The calculated and measured values for NizAl-Mis55-15 zxe egual
{Table XII)., While this does not suggest a large amcunt of Jduauiiity.

it does show that there was no premature brititle fracture im The

elastic region due to notches oy internal stress raizers.

£

Qualitative observations of the surfaces of siress rupturs samplt

indicated good oxidation resistance. To check this an

Q
O
o
Losd
e
Q

o
2
g
e

G
test was performed on a sample of CoAl-Co-30 in air at %82
The results showed a weight gain of 0.6 mg/cm?® after 100 houxs

exposure compared to 1.6 for Nichrome for the same conditinns, «n

extremely low amount of oxidation. Additional tests
Summary - A gooed separaition of hard phase partic
1]

binder has been achieved by the technique of dry bal

1

e Gl PR R -
Tnte 2ret ] SWRIUSILon,

consiituent powders, followed by loose powder {uns

ress rupture and hardaess annealing tesis indicate some retentl o
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Tom these to select the one which will lead to the most ideal dis

of berylilum oxide in the iron matrix. The methods are

Internal oxidation of iron- ~berxyllium solid solution compe
2} Diffusion of beryllium into an iron matrix containing a 7
dispersed iron oxide
3) Formation of an iron oxide - beryllium oxide composite wi
subsequent reduction of the iron oxide
There seems little doubt that internal oxidation can be carri
out successfully, and for this burpcse, a series of iron - berylii
Lioys have heen produced containing the following amounts of bexry
nt percent 0.48, 1.35, 2,52, and <.64, These alloys
¥ being comminuted into fine powders for subseguent

w3
S
;...
fd lQ

al oxidation,

2cavse of the known low solubility of oxygen in iron at the
{I@mgr} temperatures of interest for internal oxidation, coupled w
the realization that low oxycen solubility and low oxyvgen a1ffuszo;
rates would lead to formation of relatively coarse ReQ particles,
has been some interest in the possibility of di ffusing beryl’
Into iron containing an ultra-fine dispersion of iron oxide. Acco:
2 nunser of tests have been performed to see how fine an iron oxide
Jdispersion one might obtain in iron., The resulis look reasonably
promizing, and are being analyzed in detail to determine whether ¢F
PEOCEss micht be of Further interest,

Barring the poszibility that either of these technigues (above

n2y yigld the desired result ts, there is available the procedure of
vyilium oxide and iron-oxide powders, in the

mange of §.1 - 0.2 wicron or finer, and then selectively reduci ing

the ivon owxide. This lahooatary has comsiderable background in

n technigues of this sort; and we are prepared to follow

o
his method if it looks more promising than the others,

&, MECHANISM OF DEFORMATION AND IFACTURE OF METAL -METAL OXIDE SYST
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ductile maizrices can be . pPre

and unusually atitractive high

- L D - - . o
at high temperaiures, S
3 2 — i ; - e o \ -,
whether the fraciurss axe

siip and grain Daundaxy 0r sub-boundayv
are alilso only just beginning to formuls

of stored ensrg;

of cnld work eaergy eithexr after e

e
phase of our program,

is
base material, zontaining small amoms:

which will e interna ‘ly oxidized t

possible. Every effort will be made

beundaries in these fine powders; efforts will be wmade to minindze
the chance in particle size with depth of owide penetraiion during
internal oxidation by keeping powder partizl@ diamaisys irovnd

every effort will be made not o ovVexr-9%
copper oxide or excess oxygen in sclution

It is hoped to produce alloys with oxide

from about 0.2 to about 2 microns, theret

of structures in which both daformation and fr

)

carefully. It is intended, of course, to preduc

with considerably coarser oxide particies,but

entail a totally different approach than intexrnal oxidation, ard minhi
follow after this program is compieted. This work is oniy

and the necessary alloys are teing cbtained,
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which case major improvementie in stre

2) Ni=ThD, and Ni-Mo-ThO,; alloys

Completed by qu Jens Rasmussen, A technical report has heszn aulenial
for publication by Powder Metallurgy, London, Freprinis hove bean
submitted to NASA,

3} Stability and properties of Ni-ThC, and Ni..Mo- TH

Using the same alloys as those prepared in
was compleied by Mr. Gary Ewell, Becguse

-

nature of the structural instabiliiy of Dr.

nevertheless gave goocd low and high strxencth prosaritics)

[N

s

has been extended for several months. Two n=zw allovs have

AR

prepaxved and are in test., This work will be cowpleted i:

three months and then reported and submitted as a technical
for publication.

4) Oxide dispersion strengthened nicbium. HMis

should establiish the basic variables which inFluence
and stability of niobium alloys, probably by June 1965, Depsending

on her findings, a recommendation will be made regarding fuviher work
and the poteniial of the system for high strength, high tesperaiure
applications.

5) Recrystallization and stored energy of ccld work an

strength and ductility of oxide dispersion strengthened alicva.
Dr. Bufferd has completed this research item and a techuicalil zenoxt
shouild be forthcoming in the next three months. The findiags

undoubiedly be utilized in continuing studies {foxr examplic

7 and 8, below), because this approach permiis toial control of stoursz
energy of cecld weork, texture, oxide stability, yecovery,

lization. New research projects will be based on this worlk,

probably not before the summer of 1965, when new studeants

available.



6} High volume intermetallic compound-ductile binder struct:
My, John Benjamin is completing this work and will be finished wi
thie research item in about two months., This work has broadened
ouy understanding of dispersion sirengthened alloy systems genera

7} BeO«Fe alloys. Mr, Frank Hunkeler has only recently sia:
his program, and is studying for his doctorate. The prior effort:

vepcrited in the literature with dispersion strengthened iron and

irenc-base alloys held little hope for strong iren base alloys. O
the as yet unpublished work of Zeilsky, Nelscon and Grant {to be
published in 1965) on Fe-~Al,04 clearly indicated real potential f¢
the svsiem. Mr, Hunkeler will seek to exiend the work and te
optimize all the processing variables to produce alloys with the ¢
or better degree of sirengthening than has been reporied for nicls
and copper dispersion strengihened alloys.

8} Mecharnism of deformation and fracture. Mr. Gary Ewell wi
continue his studies on this research topic for a dociorate degred
{sze also item 3). As of now, the alloys are on order for the

nrogran described under iltem 8 in the text of the report,

v



